These cases were geographically very close to each other and clustered in a short period of time during the summer of 1999. The phenotype and genotype of the Plasmodium falciparum isolates obtained from these patients were determined in order to know whether a single mosquito could have infected more than one subject. The genomic characterisation of isolates was performed using the polymorphic markers merozoite surface protein 1 (Mspl) and merozoite surface protein2 (Msp2) genes, the K and ɷ repeats domains of cg2 and the dihydrofolate reductase (DHFR) genotypes. Results showed identical genotypes for isolates 1, 2 and 4 whereas the genotype of isolate 3 differed at one locus. The molecular analysis was consistent with the hypothesis that all patients could have been bitten by the same mosquito and that patient 3, may have received a different clone and an additional species. In vitro susceptibility data did not confirm or rule out this hypothesis because isolates had the same profile of susceptibility to the tested drugs. 
INTRODUCTION
A irport malaria is acquired through the bite of an infective Anopheles mosquito transported by aeroplanes from endemic areas (Giacomini, 1998; Guillet et al., 1998) . The first two cases were retrospectively reported in a French illegitimate couple in 1969 (Doby & Guiguen, 1981 (Lusina et al, 2000) . A review of the history of the cases shows that airport malaria mostly occurred simultaneously in more than one individual in the same area (Isaacson, 1989) . In many cases, the members of the same family living in close proximity to an international airport were involved as were personnel working on airstrips or in air terminals (Bouvier et al., 1990; Majori et al, 1990; Giacomini et al, 1997 ; Van Den Ende et al, 1998) .The hypothesis of one mosquito biting more than one person has already been suggested in a previous review (Isaacson, 1989) . A phenotypic and a limited molecular study of P. falciparum isolates was also consistent with this hypothesis for two cases observed in 1994 (Eldin de Pécoulas et al, 1996) Genomic DNA extraction was performed as previously described (Durand et al., 1997) . The amplifications of block 2 of merozoite surface protein 1 (Msp1) and merozoite surface protein 2 (Msp2) genes were per formed as previously described ( Randford-Cartwright el al., 1993) . Size polymorphisms of msp1 and msp2
MATERIALS AND METHODS
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genes PCR products were resolved on a 2 % agarose gel stained with ethidium bromide. PCR products were purified using QIAQuick PCR Purification Kit® (Qiagen).
Msp1 and msp2 PCR products were then sequenced using an ABI PRISM® 310 Genetic Analyser and an ABI PRISM® Big Dye Terminator Cycle sequencing Kit R (Perkin-Elmer Cetus). The genomic characterisation of isolates was completed by the study of the cg2 and the dihydrofolate reductase (DHFR) genotypes. The K and ɷ repeats domains of cg2 were amplified as pre viously described (Durand et al, 1999) . Size poly morphisms of PCR products were resolved on a 2.5 % agarose gel stained with ethidium bromide. The deter mination of the nature of DHFR codon 108 was per formed by PCR followed by restriction fragment length polymorphism (PCR-RFLP) (Eldin de Pécoulas et al, 1995) . The in vitro susceptibility to chloroquine, qui nine and halofantrine of isolates was determined on patient parasitized red blood cells within three days of sampling using the semi-microtest method (Le Bras & Deloron, 1983) . The 50 % inhibitory concentration (IC50) of tritiated hypoxanthine uptake was calculated by non-linear regression analysis. The in vitro sus ceptibility to chloroquine was defined as IC50 < 80 nM.
Threshold values for susceptibility to quinine and halo fantrine were defined respectively as IC50 < 800 nM and IC50 < 6 nM.
RESULTS
T he data obtained for isolates 1, 2 and 3 reflected in vitro resistance to chloroquine and susceptibility to quinine and halofantrine (Table I ). The semi-microtest was a failure for the fourth isolate due to the delayed shipment of the sample.
Msp1 and msp2 PCR products showed an identical pro file on the agarose gel in all the cases. All isolates were polyclonal as two bands were observed (one of the bands appeared with a higher intensity) on the msp1 and msp2 profiles. Results of DNA sequencing sum marized in the Table I showed identity in block 2 repeat region of msp1 gene which belonged to the K1 allelic family for all the four isolates while the poly morphic central domain of msp2 gene showed iden tity in isolates 1, 2 and 4 which belonged to the 3D7/CAMP allelic family with seven repeats of the hexanucleotide GGTGCT in block 2 (Smythe et al., 1993) . The polymorphic central domain of msp2 in iso late 3 was a subtype of the 3D7/CAMP allelic family with eight repeats of the hexanucleotide GGTGCT in block 2. The cg2 K and ɷ patterns of all the four iso lates showed identical multiple bands on the agarose gel which confirmed the polyclonality observed with the mspl and msp2 profiles. The bands corresponding to Kl4 and ɷ16 cg2 repeats domains had a higher intensity. Analysis of the sequences indicated that all the isolates had the "resistant" ɷ16 and Kl4 cg2 repeats (3) and (4) K14 and ɷ16; profiles of migration on the agarose gel were identical in all the cases and showed polyclonality. (5) msp1: the profile of migration on the agarose gel was identical in all the cases. Sequence analysis showed the same polymorphism for all the cases. (6) msp2: the profile of migration on the agarose gel was identical in all the cases. Sequence ana lysis showed identity for cases 1, 2 and 4 and a distinct polymorphism in case 3-* K1 allelic family. ** 3D7/CAMP allelic family. and the msp2 genes because of their high degree of polymorphism. As previously described, block 2 of the msp2 gene has greater variability in length, amino acid content and number of repeats than that of msp1 (Smythe et ai, 1991; Snewin et al, 1994) . The agarose gel that we used had not a sufficient resolution to detect a length difference of six nucleotides. A polyacrylamide gel could be used, but as different msp2 The polymorphism of the cg2 gene was previously des cribed essentially in isolates susceptible to chloro quine. In the present study, its interest was limited.
Among all the airport malaria cases reported to date, associations of two plasmodium species have now been described twice. The first one involved P.falci-parum and P. ovale (Giacomini, 1998) . The associa tion between P. falciparum and P. malariae has not been previously observed in an airport malaria case.
The late onset of the P. malariae episode in patient 3
could be due to a longer incubation period for that species. The P. malariae species diagnosis was confir med by a species-specific PCR method.
To our knowledge, only one work had previously per formed genomic analysis of airport malaria isolates (Eldin de Pécoulas et al, 1996) . This study suggested identity of strains originating from two patients based on their profiles on the agarose gel, but DNA sequen cing was not done. Entomological studies have shown that Anopheles do not fly very far, usually five km from their birth place (Belding, 1965 Moreover, it may be stressed out that native malaria had totally disappeared in the Paris region before the beginning of the 20 th century (Bruce Chwatt, 1980) .
Since the first descriptions in 1969, airport malaria cases are increasingly reported in Europe (Guillet et al, 1998; Lusina et al, 2000) . This could reflect the growth of traffic with the airports located within an area where P. falciparum is actively transmitted or the limits of preventing measures. When climatic condi tions are favourable, which is the case in particularly hot summers in Europe, the imported mosquitoes may remain infectious up to several weeks. Hot tem peratures not only allow the survival of imported mosquitoes but also stimulate their activity. In addi tion, it has been shown that a mosquito infected with P. falciparum could discharge sporozoites even after more than 10 blood meals (Belding, 1965 
